We analysed diel cycles of total protein, lipid and carbohydrate content of seston in four seasonal sampling campaigns in a tropical hypereutrophic reservoir. Physical and water chemical variables and taxonomic composition of phytoplankton were measured in parallel. Seston lipid and carbohydrate contents exhibited highest values during the day, while protein content was highest at night. Carbohydrate content was negatively correlated with nitrate and nitrite concentrations. Lipid content was negatively correlated with temperature and positively with soluble reactive phosphorus (SRP) concentrations. Protein content was positively correlated with temperature and negatively with SRP concentrations. In all sampling campaigns, the biochemical composition was correlated to the biovolume of phytoplankton. However, relationships differed between seasons. In the dry season, the relative biovolume of non-dominant groups such as cyanobacteria and bacillariophyceae was strongly correlated with all biochemical compounds of seston. During the rainy season, significant correlations were detected between biochemical compounds of seston and biovolumes of the dominant groups, chlorophyceae and euglenophyceae. We conclude that diel fluctuations in environmental conditions as well as changes in the community composition of phytoplankton affected seston biochemical composition during the diel cycles investigated. However, the type of interaction was clearly influenced by seasonality in this tropical reservoir.
I N T RO D U C T I O N
It is the quality more than the quantity of food that determines the efficiency of energy and matter transfer within aquatic food webs (Giani, 1991; Müller-Navarra et al., 2004) . The biochemical composition of planktonic organisms is an important indicator of their nutritional quality (Shamsudin, 1998 , Müller-Navarra et al., 2000 . The fact that zooplankton exhibits seasonal changes in both species composition and biomass has been attributed to changes in phytoplankton composition and food quality (Infante and Riehl, 1984) , mixing regime (Saunders and Lewis, 1988) , wind (Beadle, 1981) , fluctuations in water level (Bozelli, 1994) and precipitation (Nilssen, 1984) . Temporal changes in community composition and environmental factors may in turn lead to concomitant changes in lipid, protein and carbohydrate content of seston, and subsequently affect the nutritional quality of food available for aquatic herbivores.
Indeed, temporal changes in the biochemical composition of phytoplankton assemblages have frequently been associated with changes in environmental conditions, such as higher carbon allocation into lipids under certain temperature ranges (Wainmann and Smith, 1998) , P-limitation (Müller-Navarra, 1995) or high availability of nutrients and higher carbon allocation into proteins and carbohydrates under periods of long day length and high temperature . Differences in the biochemistry of seston have also been associated with the trophic status of lakes, with higher absolute lipid, protein and carbohydrate contents in eutrophic compared to oligotrophic systems . Nevertheless, field studies on diel periodicity of the biochemical composition of seston are rare (but see Bourdier and Amblard, 1988; Aleya, 1991; Michard et al., 1995; Park et al., 2004) and for tropical ecosystems even completely lacking.
Changes in physical and chemical variables have been shown to affect metabolism and biochemistry of algae in laboratory studies (Zhu et al., 1997; Thompson, 1999) . Some studies have reported decreasing protein synthesis during periods of strong nitrogen depletion (Ben-Amotz et al., 1985; Arts and Rai, 1997) and lipid increase has been associated with phosphorus availability , water temperature and day length (Wainman and Lean, 1992) . Daily fluctuations of environmental factors affect photosynthesis and cellular metabolic processes, which provide intermediary products and energy for biochemical synthesis (Falkowski and Raven, 1997) . All aspects of algal metabolism show diel rhythms that affect the nutritional status of individual cells.
Besides affecting algal cellular mechanisms, environmental variability also regulates the community structure of primary producers. Because algal groups have different biochemical constitutions (Ahlgren et al., 1992) changes in species composition will probably be followed by changes in the biochemical composition of seston . Some algal groups have high lipid content (e.g. cryptophyceae) while others (e.g. cyanobacteria) contain low cellular lipid and protein concentration (Reynolds, 2006; Brett and Müller-Navarra, 1997) . Thus, changes in the biochemical composition of the seston are expected, in the course of phytoplankton succession (Aleya, 1992) . For instance, higher protein and carbohydrate concentrations were associated with the dominance of chlorophyceae and euglenophyceae in a tropical reservoir (Boëchat and Giani, 2000) . Moreover, both seasonal and diel changes in phytoplankton composition and nutritional value may also affect zooplankton community structure and behaviour and, potentially, the entire aquatic food web.
In this study, we investigated daily fluctuations in the biochemical composition of seston in a tropical eutrophic reservoir in the state of Minas Gerais, Brazil. Total seston carbohydrate, lipid and protein concentration were analysed over four diel cycles in different seasons of the year. Multivariate statistical methods were applied to investigate the effects of diel changes of both environmental conditions and the phytoplankton community on the biochemical composition of seston. We hypothesized that (i) the biochemical composition of seston will exhibit diel changes as environmental conditions, such as nutrient availability, light and temperature are known to affect algal metabolism on a diel scale; thus, we expected to find significant correlations between environmental factors and the total lipid, protein and carbohydrate contents in the seston fraction of the reservoir investigated. As phytoplankton community changes seasonally in the reservoir, we expected to find (ii) significant relationships between the biochemical and the phytoplankton composition of seston. As the phytoplankton structure of the seston may also exhibit diel patterns due to vertical migration, differential growth or grazing, we expected to find (iii) significant correlations between the phytoplankton structure of seston and its biochemical composition on a diel basis as well.
M E T H O D Study area
Pampulha reservoir is a small tropical urban reservoir located in Belo Horizonte city, in Minas Gerais State, South-eastern Brazil (19855 0 09 00 S, 43856 0 47 00 W). The reservoir has a surface area of 2.08 km 2 , a mean depth of 6 m, a max depth around 17 m and a turnover time of 0.3 years. The reservoir water level does not fluctuate seasonally, as a tulip-shaped surface outflow operates year round (Pinto-Coelho, 1998) . The climate of the region is characterized by two well-defined seasons: a rainy and warm summer (November-March) and a dry and colder winter (April -October). Presently, increasing eutrophication mainly caused by domestic sewage inputs represents the major environmental problem in the reservoir. Concentrations of total phosphorus and dissolved inorganic nitrogen (sum of ammonium, nitrate and nitrite) show a seasonal pattern, with highest concentrations in the dry season, between September and October (Pinto-Coelho, 1998) . Silica levels in the reservoir are usually high (219.4 + 72.5 mg L 21 during the study period), in part as a result of intensive margin erosion. Therefore, silica appears not to be limiting for the primary productivity in the reservoir. Phytoplankton biomass measured as chlorophyll a concentration, generally varied between 0.12 and 0.20 g Chl a m 22 and peaks occur twice a year, typically at the beginning of the dry season (April -May) and later in the dry season, between September and October (Pinto-Coelho, 1998) . During 1997 and , the mean chlorophyll a concentration in the Pampulha reservoir was 56.4 mg L
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. Secchi depths are usually less than 1.0 m during the dry JOURNAL OF PLANKTON RESEARCH j VOLUME 30 j NUMBER 12 j PAGES 1417-1430 j 2008 season and less than 1.6 m during the rainy season (Pinto-Coelho, 1998 ; this study). In the last decade, some studies have focused on the effects of changes in nutrient levels on the structure of plankton communities in Pampulha reservoir (Goodwin, 1997; Pinto-Coelho, 1998; Figueredo and Giani, 2001) . The management and restoration of the reservoir are of public interest because of its importance as a tourist and recreational attraction for the city. Furthermore, intense fishing takes place at the shores of the reservoir.
Sampling
Samples were taken during four diel cycles in the following periods of the year: cycle 1, end of the dry season (17 September 1997); cycle 2, rainy season (28 January 1998); cycle 3, end of the rainy season (31 March 1998); and cycle 4, dry season (25 June 1998). Sampling was performed at 4 h intervals-from 8 a.m. of the first day until 8 a.m. of the following day (referred to as 8(2) in figures and tables). Samples were collected with a Van Dorn water sampler at 1 m depth at a single station in the eastern basin of the reservoir. Water samples (150-300 mL) were immediately transported to the laboratory and concentrated by filtration onto pre-combusted GF/A-50 glass fibre filters (Whatman, 1.2 mm pore size). Zooplankton was previously removed from the samples by filtration through a 45 mm mesh; therefore, the biotic seston fraction mostly consisted of phytoplankton, although small protozoa (ciliates and heterotrophic flagellates) and some nanoplanktonic organisms may still have been present. We did not measure the contribution of detrital carbon to the seston fraction smaller than 45 mm. However, assuming the carbon content of particulate organic matter (POM) to be around 50% and a general carbon to biomass conversion factor for phytoplankton of 0.11 pg C mm 23 (Andersson and Rudehäll, 1993) , the estimated contribution of detritus should be around 54 + 23% of the total carbon content in the POM fraction. This value agrees with previously published estimations on the detritus contribution to the seston fraction of Pampulha reservoir (Araújo and Pinto-Coelho, 1998) . No statistically significant differences were found in the detritus contribution to the POM between dry and wet seasons (t-test, P ¼ 0.17). In our study, inorganic solids contributed 10-49% of the total particulate matter, whereas POM fraction was always higher than 50% of the total particulate matter in the reservoir.
Biochemical analyses
Analyses of total carbohydrate followed the phenolsulphuric acid method (Herbert et al., 1971) ; total lipid was analysed following the phosphovanilin method (Zollner and Kirsch, 1962) with previous extraction in a chloroform-methanol solution (Ahlgren and Merino, 1991) ; total protein was analysed according to the microbiuret method (Itzhaki and Gill, 1964 (Mackereth et al., 1978) , ammonium (NH 4 þ ) (Chaney and Marback, 1962) , soluble reactive phosphorus (SRP) and total phosphorus (TP) (Murphy and Riley, 1962) .
Phytoplankton analyses
Phytoplankton samples were taken at 1 m depth and fixed with Lugol´s Iodine solution. Cells were counted using an inverted microscope (Utermöhl, 1958) until 400 cells of the most abundant genus had been counted. Algal biovolume was estimated from single cells assuming the closest geometric form (Rott, 1981) . Algae were grouped into six classes: chlorophyceae, euglenophyceae, cryptophyceae, bacillariophyceae, desmidiaceae and cyanobacteria.
Statistical analyses
Daily mean absolute lipid, protein and carbohydrate concentration as well as concentrations of water chemical variables were tested for significant seasonal differences using one-way ANOVA followed by a Tukey post hoc test. A canonical correlation analysis (CCA) was applied to identify correlations between environmental and biochemical variables (Statistica for Windows, version 5.1; Dillon and Goldstein, 1984; Ter Braak, 1986) . This statistical procedure is appropriate when correlations are supposed to occur not only between two groups of variables but also within one group (Ter Braak, 1986) . The CCA was applied here to extract linear combinations within the group "environmental factors" that best explain changes in the "biochemical composition" group. In order to match the premises of the analysis, which requires a much lower number of independent variables than cases to be analysed, the number of independent variables in the "environmental factors" group was reduced by one variable (total phosphorus). The variable to be excluded was selected through a Pearson correlation analysis among environmental variables, which were log-transformed prior to the analysis (Zarr, 1996) . Although excluded from statistical analysis, we give the mean day and night concentrations of TP in order to provide information on the trophic status of the reservoir at the time of our study (Table I) . To check for the CCA premise of independency of data, an autocorrelation analysis of biochemical data was performed for each cycle separately (Statistica for Windows, vs. 7.0). All analyses were non-significant for all biochemical compounds and cycles (P . 0.05).
We hypothesized that diel changes in the seston biochemistry followed diel changes in the dominance structure of the phytoplankton; e.g. due to differential growth or grazing. In addition, we expected that these relationships were influenced by seasonality, because the dominance structure of phytoplankton in Pampulha reservoir does not only vary over a diel cycle, but differs also between seasons (Figueredo and Giani, 2001 ). Therefore, we used non-parametric Spearman rank correlations (Statistica for Windows, version 5.1) for each cycle separately, in order to explore correlations between daily changes in biochemical variables and the algal relative biovolume in each season of the year. In the correlation analyses, we used relative algal biovolume (measured as the ratio of taxon biovolume on total community biovolume) because this variable better represents community dominance patterns than absolute biovolume or abundance do.
R E S U LT S Biochemical composition
We observed diel changes in the relative concentrations (given as percent data on total POM concentration) of lipid, protein and carbohydrate in the seston of Pampulha reservoir (Fig. 1 ). Lipid relative concentration was generally higher during the day and decreased in the afternoon, generally after 16 h, except for the third cycle. Protein exhibited relatively higher concentration during the night than during the day. Similar to the tendency observed for lipid, the relatively highest carbohydrate concentration was observed during the day and the lowest concentration occurred in the night and early morning (Fig. 1) . The absolute concentration of biochemical compounds followed the same general patterns observed for relative concentration data (Fig. 2) . When comparing daily mean absolute concentration of biochemical components between seasons, the highest lipid concentration was found during the first cycle (end of the dry season), followed by the fourth cycle (dry season) (one-way ANOVA, F 28,27 ¼ 27.902; P , 0.01, followed by a Tukey post hoc test, P , 0.05). Lipid concentration did not differ significantly among the second and the third cycles. Highest protein concentration occurred during the first cycle as well (one-way ANOVA, F 28,27 ¼ 47.586; P , 0.01, followed by a Tukey post hoc test, P , 0.05), but did not differ among the third, the second, and the fourth cycles. Following the seasonal trend observed for protein concentration, carbohydrate was highest during the first cycle (one-way ANOVA, F 28,27 ¼ 7.048; P , 0.01, followed by a Tukey post hoc test, P , 0.05) and did not differ among the third, the second, and the fourth cycles (Fig. 2) .
Environmental factors
Secchi depth measurements were lowest during the dry season (20 -60 cm for the first cycle and 60-70 cm for the fourth cycle) and highest during the rainy season (70 -120 cm for the second cycle and 100 -160 cm for the third cycle). Water temperature, DO concentration and pH at 1 m depth were higher during the day than during the night (Fig. 3) . Conductivity values were higher during the dry season (347.7 mS cm 21 , mean , mean value for cycles 2 and 3), but did not show diel differences. Concentration of SRP was higher in the fourth cycle, but did not differ significantly among the other cycles (one-way ANOVA, F 28,27 ¼ 32.243; P , 0.01, followed by a Tukey post hoc test, P , 0.05). SRP concentration was higher during the day in the first cycle and during the night in the fourth cycle (Table I) . Slightly elevated SRP concentrations at night were also observed during the second and third cycles (Table I) .
Nitrogen species showed some variation and different concentrations among cycles, but no clear diel patterns were observed (Table I) . Concentration of NO 2 2 was higher during the first cycle (one-way ANOVA, F 28,27 ¼ 572.932; P , 0.01, followed by a Tukey post hoc test, P , 0.05) ( Table I ). Concentration of NO 3 2 was below the detection limit (2 mg L
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) during the second and fourth cycles; therefore, they entered the statistical tests as 0.0001 values to avoid statistical problems associated with zero values of log-transformed data. Concentration of NH 4 þ was highest in the first and fourth cycles, intermediate in the third cycle and lowest in the second cycle (one-way ANOVA, F 28,27 ¼ 56.693; P , 0.01, followed by a Tukey post hoc test, P , 0.05) ( Table I) . Despite oscillations, NH 4 þ concentration showed no consistent day -night trend (Table I) .
Phytoplankton community
Chlorophyceae dominated the phytoplankton biovolume during the first, second, and third cycles, followed by euglenophyceae in the first and second cycles and by cryptophyceae in the third cycle (Fig. 4) . In the fourth cycle, phytoplankton biovolume was dominated by cryptophyceae, followed by chlorophyceae, and euglenophyceae. Cyanobacteria had a minor representation in the phytoplankton biovolume during the first cycle and desmidiaceae occurred only in the second cycle with largest biovolume during the night (Fig. 4) . Bacillariophyceae biovolume was slightly higher at night during the first and third cycles (Fig. 4) . The genera composition of dominant algal groups neither differed among cycles nor within a cycle (Table II) . For example, chlorophyceae were mainly represented by the genera Chlamydomonas and Planktosphaeria, whereas euglenophyceae and cryptophyceae were almost exclusively represented by the flagellated genera Trachelomonas and Cryptomonas, respectively (Table II) . Non-dominant groups tended to show more variable genera composition both among and within cycles than dominant groups (Table II) . Thus, cyanobacteria were represented, among other less abundant genera, by the genera Microcystis, Phormidium and Merismopedia. Bacillariophyceae were represented by the genera Cyclotella, Navicula and Aulacoseira. Desmidiaceae almost exclusively consisted of the genera Cosmarium, Closterium and Staurastrum (Table II) .
Relative biovolume of dominant and non-dominant phytoplankton groups showed clearer daily trends during the second and fourth cycles rather than during the first and third cycles (Figs 5 and 6). During cycles 2 and 4, the relative biovolume of chlorophyceae was higher at night (Fig. 5) . Euglenophyceae showed significantly higher biovolume during the day than during the night during cycles 2 and 3, although the opposite trend was observed during cycle 4 (one-way ANOVA, all P , 0.05). Except for cycle 2, cryptophyceae showed a similar pattern, which was most evident during cycle 4 (Fig. 5) . The relative biovolume of the non-dominant classes, cyanobacteria, desmidiaceae and bacillariophyceae, accounted for less than 30% of the total phytoplankton biovolume in all cycles (Fig. 6) . Nevertheless, the biovolume of non-dominant groups showed considerable diel variation, e.g. cyanobacteria and bacillaryophyceae peaked at 16 and 24 h during the first cycle (Fig. 6) . Bacillariophyceae tended to have higher biovolume during the night, which was most obvious during the cycles 1 and 3. Desmidiaceae exhibited two biovolume peaks, at 12 and 20 h during cycles 2 and 4 (Fig. 6 ).
Environmental factors and biochemical composition
The CCA between environmental factors and the biochemical composition of organic matter provided two axes that explained most of the variation (87.2%) observed in the biochemical composition (Fig. 7) . The first axis showed a significant negative correlation between carbohydrate concentration of seston and both NO 2 2 and NO 3 2 concentrations (P , 0.05). This axis explained 59.6% of the total variation (partial canonical coefficients: carbohydrates ¼ 20.738; NO 2 2 ¼ 0.942; NO 3 2 ¼ 0.924). The second axis showed a positive correlation between protein and temperature as well as a negative relationship between protein and SRP, which explained 27.6% of the total variation. This axis also showed a negative correlation between lipid and water temperature and a positive relationship between lipid and SRP concentrations. Within groups, a negative relation was detected between protein and lipid contents in the second axis (partial canonical coefficients: protein ¼ 20.703; lipid ¼ 0.941; temperature ¼ 20.665; SRP ¼ 0.654). Microcystis (5 -9%) Cyclotella (3 -10%) Cosmarium (0.5-2%) 2 Planktosphaeria (5 -45%); Clamydomonas (6 -26%)
Planktosphaeria (31 -53%) Trachelomonas (3 -8%)
Planktosphaeria (3 -26%); Oocystis (6 -11%)
Cycle 1, end of the dry season; cycle 2, rainy season; cycle 3, end of the rainy season; cycle 4, dry season. Minimum and maximum contributions of genera to total phytoplankton biovolume during each diel cycle are given in parentheses. Genera representing less than 0.05% of the total phytoplankton biovolume were not shown.
I. G. BOË CHAT AND A. GIANI j SESTON BIOCHEMISTRY IN A TROPICAL RESERVOIR

Phytoplankton and biochemical composition
The absolute concentrations of biochemical components of seston were correlated with the relative biovolume of dominant and non-dominant algal groups, but correlations differed among cycles (Table III) . During the first cycle, i.e. the end of the dry season, a significant positive relationship was detected between carbohydrate and cyanobacteria (Table III) . Moreover, marginally significant positive correlations were found between protein JOURNAL OF PLANKTON RESEARCH j VOLUME 30 j NUMBER 12 j PAGES 1417-1430 j 2008 content and bacillariophyceae as well as between lipid and cyanobacteria (Table III) . Additionally, negative correlations were found between euglenophyceae and both carbohydrate and lipid contents (Table III) . During the second cycle, i.e. in the rainy season, marginally significant negative correlations were observed between euglenophyceae and the seston contents of carbohydrate, lipid and protein. Lipid was positively correlated to the relative biovolume of chlorophyceae, whereas protein was positively correlated to desmidiaceae (Table III) .
During the third cycle, i.e. at the end of the rainy season, a marginally significant correlation between protein and the relative biovolume of cyanobacteria was observed (Table III) . In the fourth cycle, i.e. during the dry season 1998, a negative correlation between carbohydrate and the non-dominant desmidiaceae as well as a positive correlation between lipid and cryptophyceae were observed (Table III) .
D I S C U S S I O N
Comparisons between absolute concentrations of all biochemical compounds during the four cycles showed differences that probably resulted from seasonal changes. Thus, overall higher concentrations were found at the end of the dry season (cycle 1) than during the rainy season (cycles 2 and 3). Seasonal trends in the biochemical composition of seston occur in both tropical (Boëchat and Giani, 2000) and temperate systems and the occurrence of periods of elevated protein concentration concomitant with low lipid and carbohydrate levels has been described. Interestingly, in the present work, we found the same pattern on a shorter time scale in a tropical hypereutrophic reservoir: we observed a diel trend of higher seston lipid and carbohydrate concentrations during the day and higher protein concentration at night. A similar day -night oscillation in the biochemical composition of seston was described for the temperate hypereutrophic Villerest reservoir in France (Michard et al., 1995) .
While seasonal trends are mostly related to taxonomic changes in the community, diel trends in the seston biochemical composition may also be explained by different periods of synthesis and storage of biochemical compounds. Metabolic processes are affected by daily changes in temperature, light and 
Cycle 1, end of the dry season; cycle 2, rainy season; cycle 3, end of the rainy season; cycle 4, dry season. -, no correlation detected.
þ P , 0.1. *P , 0.05.
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photosynthetic activity. Algal cellular growth does not cease at night, as cells keep growing while synthesizing proteins and using up energy (Cuhel et al., 1984) that is mostly provided by stored carbohydrates and low molecular weight polymers produced by photosynthesis (Cuhel et al., 1984; Lean et al., 1989; Michard et al., 1995) . Photosynthesis also provides carbohydrate compounds that are used as carbon reserves and cellular structural components. Additionally, night protein synthesis may be energetically supported by lipids oxidation (Sicko-Goad and Andersen, 1991; Kreeger et al., 1997) . Such energetic trade-offs could be the underlying mechanisms responsible for the inverse daily concentration patterns observed between lipids and proteins as well as carbohydrates and proteins in our study.
Influence of environmental factors
Environmental factors, such as temperature and nutrient concentrations, which are expected to directly affect algal metabolism and growth, were strongly correlated with the seston biochemical composition. Water temperature was associated with lipid and protein concentrations. Seasonal temperature variation was larger than diel temperature variation within each cycle, which suggests that differences in seasonal temperature affect the biochemical composition of seston to a greater extent than diel temperature differences. However, diel variation in temperature should have been large enough (1.88C mean temperature range) to influence physiological processes which in turn affect synthesis and metabolism of biochemical compounds (Lean et al., 1989; DeMott and Müller-Navarra, 1997; Rai et al., 1997) . Metabolic and growth processes are accelerated by increasing temperature, via increased protein synthesis (Lean et al., 1989; Rai et al., 1997) . In our study, higher temperatures usually occurred in the afternoon and could be a factor stimulating protein synthesis. In contrast, lipid concentration was negatively correlated with water temperature, as also observed in previous studies (Wainman and Lean, 1992; Renaud et al., 1995; Smit et al., 1997) . High temperatures may cause a decrease in the total lipid fraction of algal cells (Renaud et al., 1995) . Moreover, high temperatures are known to affect the fatty acid composition of cell membranes, leading to changes in membrane permeability (DeMott and Müller-Navarra, 1997). Nutrient availability is an important regulator of metabolic and biochemical pathways in algal cells (Cuhel et al., 1984) . The negative correlation between carbohydrate and NO 3 2 and NO 2 2 concentrations on the first axis of the CCA may reflect a trade-off between protein and carbohydrate synthesis. Under sufficient nitrogen availability, protein synthesis may be improved, whereas carbohydrate is depleted (Pick, 1987; Aleya, 1991 Aleya, , 1992 . Nitrogen availability has often been described as an important factor limiting synthesis of protein and other nitrogenous compounds. Moreover, if cellular nitrogen concentration is low, carbohydrate and lipid synthesis may be promoted (Shifrin and Chrisholm, 1981; Rotem et al., 1986) . Nitrogen deficiency can also affect algal respiratory pathways, such as the Krebs cycle and the pentose-phosphate pathway, which deliver part of the energy required for protein, carbohydrate and lipid synthesis (Falkowski and Raven, 1997) . However, as ammonium concentrations in Pampulha reservoir were extremely high (Table I) , it is questionable if inorganic nitrogen limitation actually drives changes in biochemical components.
Low lipid and high protein contents in the seston have been associated with phosphorus limitation (Boëchat and Giani, 2000) . Our study corroborates these findings since a positive relationship between lipid content and SRP as well as a negative correlation between protein content and SRP was found. In contrast, Rai et al. (Rai et al., 1997) found no significant correlation between SRP concentration and the lipid composition of the seston of the lake Schöhsee, Germany. Because species are affected differently by phosphorus limitation and may exhibit different allocation mechanisms, phosphorus contents may only be weakly correlated with seston biochemistry in situ. Many algae are able to perform luxury consumption (Reynolds, 2006) , i.e. to store P in their cells despite high environmental phosphorus concentrations. For example, a negative correlation between SRP and lipid content of cultured Ankystrodesmus falcatus suggested that algal cells may store lipids when nutrients become limiting . Such a mechanism may decouple relationships between environmental and cellular phosphorus availabilities.
We found no significant correlation between seston biochemical compounds and other measured environmental factors like pH, dissolved oxygen (DO), and conductivity even though their diel changes might have affected the biochemical composition of algal cells (Chelf, 1990) . However, we cannot exclude the possibility that extremely low DO concentrations observed during the fourth cycle had an effect on biochemical composition via changes in ecosystem metabolism ( production versus consumption rates). Low DO concentrations in the dry season are probably a result of high respiration rates and low surface re-aeration. As there are seasonal differences in rainfall, differences in flushing rate are very likely. As the water conductivity of reservoir's tributaries is due to the mixture of wastewater with very high conductivity and surface runoff with low conductivity, conductivity in the reservoir can be regarded as a proxy of flushing rate (e.g. low conductivities in the rainy season) and was thus indirectly included in our CCA. However, conductivity did not correlate with any axis, which suggests that flushing rate may not be a primary forcing variable.
Influence of the phytoplankton community structure
Even within one day, changes in environmental conditions, grazing rates and algal cellular growth may affect phytoplankton dominance patterns and the structure of phytoplankton communities. Because the biochemical composition differs among algal classes (Wainman et al., 1993; Desvilettes et al., 1997; Shamsudin, 1998) , changes in the biochemical constituents of seston can be expected to occur if the community composition changes. Therefore, we expected significant correlations between diel changes in seston biochemistry and the biovolume of dominant algal groups. This hypothesis was only partially corroborated by our findings. Indeed, a negative correlation was observed between seston concentrations of protein, carbohydrate and lipid and the relative biovolume of euglenophyceae, mainly represented by the genus Trachelomonas (Table II) , which dominated the phytoplankton community together with the chlorophyceae Clamydomonas and Planktosphaeria at the end of the dry season and during the rainy season. Also a positive correlation was observed during the dry season between seston lipid concentration and the dominant cryptophyceae, which are known for their high lipid content compared to other algal groups (Ahlgren et al., 1992; Reynolds, 2006) . Especially Cryptomonas, the dominant genus of cryptophyceae in our study (Table II) , has been described as a rich source of essential lipids, such as polyunsaturated fatty acids and sterols (Desvilettes et al., 1997; Weers and Gulati, 1997; Boëchat and Adrian, 2005; Boëchat et al., 2007) . Moreover, several species of euglenophyceae and cryptophyceae are known to migrate vertically in the water column (Hajdu et al., 2007) . This endogenous migration behaviour may have contributed to the day -night oscillation in biomass of the dominant euglenophyceae and cryptophyceae and the significant correlations with the biochemical composition of seston at 1.0 m depth. It is important to note that relatively low Chl a contents of seston, but high phytoplankton biovolumes, especially due to high biomass contributions of euglenophytes and cryptophytes may point to the importance of mixotrophy in Pampulha reservoir.
However, significant correlations between biochemical components and the biovolume of chlorophyceae, which dominated the community in nearly all cycles, were only detected during the rainy season. The absence of correlations at the end of the dry season (first cycle) and the end of the rainy season (third cycle) was probably due to the small diel fluctuations of chlorophyceae biovolume during these cycles.
In general, dominant groups showed a weaker daynight oscillation in the reservoir than did non-dominant groups, such as cyanobacteria and bacillariophyceae. Interestingly, we also found significant correlations between biochemical compounds and non-dominant algal groups, especially for those cycles performed during the dry season. These algal groups may be functionally important for the biochemical composition of seston. For instance, a significant positive correlation was observed at the end of the dry season 1997 between carbohydrate and lipid contents and the relative biovolume of cyanobacteria, mainly dominated by Microcystis at this time. There is evidence that lipid accumulation takes place in many algae as a response to a decrease in nitrogen supply (Spoehr and Milner, 1949; Fogg, 1959 , De Laoura et al., 1987 . Although not significant, we found reduced concentrations of nitrogen forms during the day, when seston lipid concentrations and the relative biovolume of cyanobacteria were both high. Reduced nitrogen concentrations irrespective of SRP concentrations in the seston, especially during diurnal sampling at the end of the dry season, may have contributed to the lipid accumulation in cyanobacteria. Furthermore, a significant positive relationship was detected between protein content and the relative biovolume of bacillariophyceae at the end of the dry season. High protein contents were also observed in the Varna Bay (Black Sea) during periods of bacillariophyceae dominance, mainly represented by Cyclotella (Moncheva et al., 2003) , the same dominant genus as observed in our study at the end of the dry season. Moreover, because vegetative reproduction in bacillaryophyceae occurs especially at night (Wetzel, 2001) , the high protein concentration found in the seston in Pampulha reservoir at this time of the cycle may have resulted from high division rates of this algal group. Although bacillariophyceae only contributed around 3-10% to total phytoplankton biovolume, they peaked at night, more precisely at midnight, when the biovolume of the dominant groups were not at their maximum at 1.0 m depth.
Although present, correlations between phytoplankton biovolume and seston biochemical components during the rainy and the dry season of 1998 were weak, probably as a result of low biovolume of the abovementioned non-dominant groups, which were strongly correlated with the seston biochemical composition in Pampulha reservoir during the dry season 1997. Very low density of cyanobacteria, bacillariophyceae and desmidiaceae occurred in Pampulha reservoir at the end of the rainy season, reflecting a typical seasonal pattern of the phytoplankton community in this reservoir (Giani, 1994; Figueredo and Giani, 2001) . Moreover, mixing events and lower temperature, typically observed in the reservoir during the dry season, may have contributed to the biovolume reduction of functionally important groups. In fact, growth rates of several algal species are reduced in Pampulha reservoir during the colder dry season (April -August), even if nutrients are nonlimiting (Giani, 1994) . However, the absence of significant correlations with dominant algal groups may not mean that changes in their biochemical composition are not occurring on a diel scale at a cellular level. They may just not be detectable since these groups do not show evident diel modification in their abundances.
The biochemical composition of seston in the tropical reservoir studied clearly exhibited fluctuations on a diel scale due to changes in both environmental variables and the structure of the phytoplankton community. Seasonal changes in the biovolume of non-dominant but functionally important phytoplankton groups may be among the main factors driving the observed diel biochemical patterns in Pampulha reservoir. We also expect the observed temporal changes in the biochemical composition of seston to influence the nutritional quality of the available food and therefore the fitness of zooplankton consumers both on a daily and a seasonal scale. For instance, the positive correlation often found between Daphnia biomass and phosphorus concentration in Pampulha reservoir (Pinto-Coelho, 1998 ) may suggest that this cladoceran species experiences food lipid limitation in the reservoir on both a diel and a seasonal scale. Thus, large scale temporal processes, such as the seasonal occurrence of certain algal groups, can affect small scale events like daily cycles of seston biochemical composition, even in tropical systems, where seasonality is often assumed to play a secondary role in determining phytoplankton dynamics and physiology.
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